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FIG. 6B 

12D04 
Male Sets 5-8 

area 

O 
C 
C 
s 
e 
N 
NY 

C 
9 

S 

2 

Ant. Midgut Post. Midgut Hindgut Fatbody 

Tissue 

  



U.S. Patent Feb. 3, 2015 Sheet 6 of 16 US 8,945,890 B2 

FIG. 7A 

lc12D04Expression Tissue Distribution in Males 

OUnfed 

5 100 Fed (26 h) 
% w 

5. 

C 

...................r..................................r..... 
FB C 

  



U.S. Patent Feb. 3, 2015 Sheet 7 of 16 US 8,945,890 B2 

FIG. 7B 
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1. 

METHOD FOR PRODUCING 
MONOTERPENE AND MONOTERPINOD 

COMPOUNDS AND USE THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of U.S. patent application 
Ser. No. 12/947,708, filed Nov. 17, 2009, now U.S. Pat. No. 
8,404,825 which claims the benefit of U.S. Provisional Patent 
Application No. 61/115,623, filed Nov. 18, 2008, both of 
which are in incorporated herein by reference in their entirety. 

STATEMENT OF GOVERNMENT SUPPORT 

The invention was made with government Support under 
grant numbers 0719279 and 0642182 awarded by the 
National Science Foundation. The government has certain 
rights in the invention. 

FIELD 

The present disclosure generally relates to a method for 
synthesizing monoterpenes and monoterpenoid compounds 
and a method for the use of Such compounds. In a specific 
example, the present disclosure provides a method for pro 
ducing one or more of (-)-ipsdienol, (-)-ipsenol, ipsenone, 
and ipsdienone. 

BACKGROUND 

Monoterpenes and related compounds (monoterpenoid 
alcohols, ketones, etc.) are a structurally diverse group of 
chemicals that share a common two-isoprene (2-methylbuta 
1,3-diene) basic structure. They have broad uses industrially 
as solvents (e.g. turpentine) or as flavorants or scents. They 
are produced naturally mostly by plants: in the rinds of citrus 
fruits, or leaves of Some species, or in the woody tissue of 
coniferous trees. For example, pine tree resin contains high 
monoterpene levels and is a major source of turpentine. 
Some monoterpenes and monoterpenoids are chiral, that is, 

they have a “handedness.” Molecules that are structural “mir 
ror images of each other are called enantiomers. Enanti 
omers are usually referred to as “(+)' and “(-)”; “R” and “S”. 
or “D” and “L”. Although different enantiomers are chemi 
cally identical, then biochemical or physiological properties 
can be very different. For example, (+)-limonene has a citrus 
Smell, while (-)-limonene Smells like turpentine. A mixture 
of equal amounts of both enantiomers of a chiral compound is 
called a racemic mixture. 

Pine bark beetles are closely linked to monoterpenes 
because they live in the phloem of pine trees, where they are 
exposed to and must deal with high monoterpene concentra 
tions. Also, most species rely on monoterpenoid-based phero 
monal communication to Successfully attack a host tree. The 
enantiomeric composition of the pheromone blend is impor 
tant. For example, the aggregation pheromone of western 
populations of Ipspini consists of ~95% (-)-ipsdienol (2-me 
thyl-6-methylene-2.7-octadien-4-ol) while a racemic mixture 
is not attractive at all. In contrast populations of I. pini from 
eastern North America use racemic ipsdienol as a pheromone. 
A related species endemic to the Southeast U.S., I. calligra 
phus, is attracted to (-)-ipsdienol, but dispersed by (+)-ipsdi 
enol. 

There are a number of commercially important pine bark 
beetle species. For example, Ips calligraphus is distributed 
across mostly eastern North America. As mentioned above, I. 
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2 
calligraphus responds to (R)-(-)-ipsdienol. Like other Sco 
lytids, Ips spp. periodically cause loss of wood (cut wood and 
Sometimes standing trees) over extensive areas. Their galler 
ies do not affect the structural properties of the wood signifi 
cantly, but may render it useless for Veneer or furniture mak 
ing. However, they tend to be less aggressive and less host 
specific than Dendroctonus spp. They mostly breed in slash, 
or in broken, fallen or dying trees, but I. Calligraphus can, 
under favorable, conditions make Successful primary attacks 
on healthy Pinus stands. 

I. Calligraphus forms part of the so-called 'southern pine 
bark beetle guild' (including also Dendroctonus frontalis, D. 
terebrains, I. grandicollis and I. avulsus), which attacks dis 
turbed Pinus spp., in southeastern USA (e.g. disturbance by 
lightning strike, attacks by defoliating insects) and also 
causes economic problems by infesting freshly cut logs and 
pulpwood and introducing bluestain fungi. Published infor 
mation on I. calligraphus as a pest relates almost exclusively 
to this area and to the Caribbean. It is considered only a 
secondary pest in California. Subsp. ponderosae, though 
reportedly widespread in western USA, is not considered as a 
pest there. 

Ips confusus is distributed across the western US. I. Con 
fiusus infests pinyon pine trees and causes periodic, severe, 
widespread damage. This species responds to (+)-ipsdienol 
and ipsenol. They mostly breed in slash, or in broken, fallen or 
drying trees. In this way, I. confusus can kill pinyon pines in 
southwest USA, when outbreaks start on trees that are dam 
aged or uprooted in land-clearance schemes. I. paraconfusus 
is of greater practical importance because it attacks the timber 
tree P ponderosa, killing saplings and young trees up to about 
65 cm in diameter. Outbreaks develop on recently cut wood 
and spread to nearby living trees. This is reflected by a much 
greater number of publications on I. paraconfusus than on I. 
confiusus. Top-killing by I. paraconfusus can contribute to 
outbreaks of the more dangerous pest Dendrocionus brevico 

i.S. 

Ips typographus is distributed across northern Europe and 
Asia. This species responds to ipsenol as an anti-aggregation 
pheromone. I. typographus is the most destructive species of 
the genus Ips, and probably the most serious pest on Spruce in 
Europe. There are records of outbreaks dating from the eigh 
teenth century. Those outbreaks resulted in the loss of million 
of cubic meters of wood. 

SUMMARY 

Representative embodiments of the present disclosure are 
described in the appended claims. There are additional fea 
tures and advantages of the various embodiments of the 
present disclosure. They will become evident from the fol 
lowing disclosure. 

In this regard, it is to be understood that the appended 
claims are a brief Summary of the various embodiments 
described herein. Any given embodiment of the present dis 
closure need not provide all features noted above, nor must it 
solve all problems or address ail issues in the prior art noted 
above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is schematic diagram illustrating terminal steps in 
pheromonal ipsdienol biosynthesis. 

FIG. 2 is a schematic diagram illustrating the use of 
Ipi12D04 to convert racemic ipsdienol to ipsdienone in the 
presence of NAD or NADP 
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FIG. 3 is a schematic diagram illustrating the use of 
Ipi12D04 to convert ipsdienone to optically pure (-)-ipsdi 
enol in the presence of NADPH. 

FIG. 4 is a schematic diagram illustrating the use of 
Ipi12D04 to convertipsenone to optically pure (-)-ipsenol in 
the presence of NADPH. 

FIG. 5 is a graph of qRT-PCR data (log of relative expres 
sion in males versus females for various mRNA) illustrating 
relative basal mRNA expression levels between male and 
female pine beetles treated with JH III. 

FIGS. 6A and 6B are graphs of qRT-PCR data illustrating 
differences in Ipi 12D04 mRNA levels in various tissues of 
male (FIG. 6B) and female (FIG. 6A) I. pini beetles. 

FIGS. 7A and 7B are graphs of qRT-PCR data illustrating 
differences in Ipi 12D04 mRNA levels in various tissues of 
male (FIG. 7A) and female (FIG. 7B) I. confusus beetles. 

FIG. 8 is a sequence listing of a multiple cloning site 
portion of a vector (SEQ ID NOs: 6 and 7) used to produce 
transgenic cells according to an embodiment of the present 
disclosure. 

FIG. 9 is gas chromatogram of an ipsdienone standard. 
FIG. 10 is a mass spectrum of an ipsdienone standard. 
FIG. 11 is a gas chromatogram of ipsdienone produced by 

Ipi12D04 enzyme according to an embodiment of the present 
disclosure. 

FIG. 12 is a mass spectrum of ipsdienone produced by 
Ipi12D04 enzyme according to an embodiment of the present 
disclosure. 

FIG. 13 is a gas chromatogram of the reaction product 
produced by the action of enzyme on ipsdienone. 

FIG. 14 is a mass spectrum of the reaction product pro 
duced by the action of Ipi 12D04 enzyme on ipsdienone. 

FIG. 15 is a gas chromatogram of the reaction product 
produced by the action of Ipi 12D04 enzyme on ipsdienone, 
the column used being a chiral column. 

FIG. 16 is a gas chromatogram of a racemic ipsdienol 
standard on a chiral column. 

FIG. 17 is a gas chromatogram of an (+)-ipsdienol stan 
dard. 

FIG. 18 is a gas chromatogram of the reaction product 
produced by the action of Ipi 12D04 enzyme on ipsenone. 

FIG. 19 is a mass spectrum of the reaction product pro 
duced by the action of Ipi 12D04 enzyme on ipsenone. 

FIG. 20 is a gas chromatogram of the reaction product 
produced by the action of Ipi2D04 on ipsenone, the column 
used being a chiral column. 
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4 
FIG. 21 is a gas chromatogram of a racemic ipsenol stan 

dard on a chiral column. 

DETAILED DESCRIPTION 

Unless otherwise explained, all technical and scientific 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
disclosure belongs. In case of conflict, the present specifica 
tion, including explanations of terms, will control. The sin 
gular terms “a” “an and “the include plural referents unless 
context clearly indicates otherwise. Similarly, the word 'or' 
is intended to include “and” unless the context clearly indi 
cates otherwise. The term “comprising means “including: 
hence, "comprising A or B' means including A or B, as well 
as A and B together. All numerical ranges given herein 
include all values, including end points (unless specifically 
excluded) and any and all intermediate ranges between the 
endpoints. 

Although methods and materials similar or equivalent to 
those described herein can be used in the practice or testing of 
the present disclosure, Suitable methods and materials are 
described herein. The disclosed materials, methods, and 
examples are illustrative only and not intended to be limiting. 

In one aspect, the present disclosure provides a polynucle 
otide, such as a cDNA or a RNA, and its encoded enzyme, 
collectively referred to herein as “Ipi12D04.” Ipi12D04 is 
also intended to embrace modified polynucleotides and poly 
nucleotide fragments based on, similar to, or related to, 
Ipi12D04 that encode enzymes which exhibit oxidase or 
reductase activity, such as those capable of acting on at least 
some of me substrates as native Ipi12D04 enzyme. Ipi12D04 
is also intended to embrace the enzymes produced by Such 
modified polynucleotides or polynucleotide fragments. The 
Ipi 12D04 enzyme can be used in various tonus, including 
crude cell extracts, isolated enzyme, or purified enzyme. In 
Some eases, the Ipi 12D04 enzyme is produced by a transgenic 
host cell into which an Ipi 12D04 polynucleotide has been 
introduced. In other cases, the Ipi 12D04 enzyme is syntheti 
cally produced. The Ipi 12D04 enzyme, in another implemen 
tation, is isolated, such as from an organism. 

In a specific embodiment, a cDNA of the present disclosure 
was identified from an expressed sequence tag clone gener 
ated from Ips pini clNA library plate #012, clone D04. The 
associated gene is encoded in the genome of the pine 
engraver, Ips pini, a bark beetle that has a host range across 
most of North America. The cDNA sequence was determined 
to be the sequence shown below in SEQID NO: 1: 

M M W K I S W Y 
CTCGAGTTTTATAAAAATCAGTTGACCTAAATGATGGTTAAAATCCAGGATTCCGTTTAT 

G. G. G. S. G. L. G. E. A. T A. K. L. L. L T E 

GGTGCTCGAGTGACCATTTTCAGTCGAAACGAATACAAGAATGAATTTCCTCATGATCAA 

W. K. G D W R S E S D W. K. R. A. L. E A. 

L. F N M D T Q Q. P G D Y T W L T D 
GGCGACGAACTTTTCAATATGGACACTCAACAACCTGGCGACTATACAGTTTTAACCGAT 

T IN L L G T F. N. W. N. R. L. A. I. P Y F 
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- Continued 
141 L T N Q. P D E E G O K G I I I N C S S T 
421 TTGACCAATCAACCGGACGAAGAGGCACAAAAAGGGATAATCATCAATTGCTCAAGTACT 

161 S G H S P M S S A. W. A. Y S T S K A. A. I. I 
481. TCAGGGCACAGCCCTATGTCTTCGGCGGTAGCTTACAGTACCAGCAAAGCTGCTATTATA 

181 G L S Y A. L. A K Q L S T L G I R W M D I 
541 GGTTGAGGTTATGCTTTAGCCAAACAACTTAGTACTCTAGGTATTCGGGTAATGGATATT 

2O1 A P A L C D T P M F. R. R. A. W G F N O D I 
6O1 GCTCCAGCCCTTTGTGATACGCCAATGTTTCGTCGTGCAGTCGGTTTTAATCAGGACATA 

221 A N F R N L. F P A R L I Q P I E Y A. N. A 
661 GCAAATTTCCGTAATTTGTTCCCAGCGAGACTGATTCAACCCATCGAATACGCGAACGCA 

24.1 V K H I I E T P M L N G S S Y O L D G A 
721 GTCAAACATATCATAGAAACACCCATGTTGAATGGTTCGTCCTATCAATTAGATGGCGCT 

261 I R P - 
781. CTCAGACCTTAAAAATTTTATAATTAATAAAAAATATGTGGATGTTAAAAAAAAAAAAAA 

28 
841 AAA 

The full-length cDNA is 843 nucleotides long and includes 
a 762 nucleotide open reading frame. 

The Ipi12D04 enzyme encoded by the Ipi12D04 cDNA 
appears to be to natively “tune' the enantiomeric composition 
of male-produced ipsdienol: Myrcene is first converted to 
~80%:20% (-)-(+)-ipsdienol by a cytochrome P450 
(CYP9T2), Ipi 12D04 then, apparently acts on the (+)-enan 
tiomer, first oxidizing it to ipsdienone, and then reducing the 
ketone stereo-specifically to (-)-ipsdienol. A schematic dia 
gram of this process is illustrated in FIG. 1. 
The present disclosure thus provides a method of produc 

ing the Ipi 12D04 enzyme. In one example, the method 
includes producing transgenic cells, such as insect cells, with 
the Ipi 12D04 cDNA. The transformed cells express the 
Ipi12D04 enzyme, which can then be isolated and purified. 

Ipi 12D04 enzyme can be used to stereospecifically inter 
convert various monoterpines and monoterpinoids, including 
ipsodienol, ipsenol, ipsdienone, and ipsenone. For example, 
Ipi 12D04 enzyme can be used to convertipsenone stereospe 
cifically to (-)-ipsenol. Ipi 12D04 enzyme can also be used to 
convert ipsdienone stereospecifically to (-)-ipsdienol, 
Ipi12D04 enzyme can be used to convertipsensoloripsdienol 
to the corresponding ketone. The ketones, as explained above, 
can then be sterospecifically converted to (-)-alcohol using 
Ipi12D04 enzyme. 

In some examples of the method of the present disclosure, 
a compound produced by the action of Ipi 12D04, including 
one or more of (-)-ipsdienol, (-)-ipsenol, ipsdienone, or ipse 
none produced using Ipi 12D04 is used in an insect control 
composition. These Substances may be mixed with other 
compounds, including attractants, dispersants, or insecti 
cides. For example, the substances may be mixed with other 
semiochemicals to tune a composition to a desired function, 
Such as attracting or dispersing a particular insect species. In 
a more particular example, (-)-ipsdienol is mixed with one or 
more of (+)-ipsdienol, (-)-ipsenol, (+)-ipsenol, ipsdienone, 
or ipsenone. In another example, (-)-ipsenol is mixed with 
one or more of (+)-ipsenol, (-)-ipsdienol, (+)-ipsdienol, ips 
dienone, or ipsenone. According to a more particular method, 
a pheromone blend of a particular insect species, such as a 
bark beetle species, is created using one or more of (-)- 
ipsodienol, (-)-ipsenol, ipsenone, or ipsdienone produced 
using Ipi 12D04. Suitable insecticides include, without limi 
tation, pyrethrin or pyrethroid toxins, which may be natural or 
synthetic, esfenvalerate, malathion, dimethoate, bifenthrin, 
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and O.O-dimethyl O-(2,4,5-trichlorophenyl)-phosphoro 
thioate; Zetacy permethrin, and mixtures thereof. 
The disclosed compositions may include additional ingre 

dients, including those used to promote dispersion, stability, 
or efficacy. For example, ingredients can be used to control 
the release rate of the active agent or agents. 
The present disclosure also provides devices for dispersing 

a composition according to the present disclosure or devices 
to which a composition of the present disclosure has been 
applied. For example, a composition of the present disclosure 
may be manufactured in a spray bottle or spray can. When the 
composition is used as a dispersant the composition may be 
dispensed on or proximate items to be protected. Such as trees 
or fallen logs. When used as an attractant, the composition is, 
in one example, placed at location Sufficiently remote from 
items to be protected, such as timber stands, fallen logs, or 
lumber piles. Alternatively or additionally, the composition 
may be mixed with, or placed proximate to, insecticidal com 
positions or used to lure insects into a physical trap. Attractant 
compositions may also be used in order to assistin monitoring 
insect populations. 
The composition may be placed in a suitable trap or other 

device. For example, the composition may be placed in a 
Suitable device, such as a bubble gap, having a permeable 
barrier through which the composition may be released. The 
composition may also be impregnated into various materials, 
including polymers, hydrogels, microbeads, clays, rubber, or 
cellulose. 
The proper semiochemical mixture needed to attract or 

disperse a particular species, as well as the amount of a 
particular composition to be used for a particular application, 
is within the skill of the ordinary art worker to determine, 
including using empirical methods. 

In another aspect, the present disclosure provides trans 
genic cells into which an Ipi 12D04 polynucleotide has been 
inserted. The present disclosure also provides for enzymes 
expressed by Such transgenic cells. In yet another aspect, the 
present disclosure provides compounds produced by the 
action of Such enzymes on a substrate. Additional aspects of 
the present disclosure are described in the appended claims. 

EXAMPLE 

FIG.5 illustrates qRT-PCR data of differentially expressed 
basal mRNA levels between male and female I. pini after JH 
III treatment (conditions that simulate pheromone production 
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in male I. pini). Three mRNA showed particular enhance 
ment. One of the identified mRNAs, Ipi 12D04, was found to 
be localized predominantly to midgut tissue, more abundant 
in male midguts than female midguts, and to increase upon 
feeding and or topical treatment with JH III. Supporting Real 
Time quantitative reverse-transcriptase PCR (qRT-PCR) data 
are shown in FIGS. 6 and 7. 

Ipi 12D04 function was determined by assays of recombi 
nant protein expressed in abaculoviral system using Sf9 cells. 
The Ips pini 12D04 ORF was amplified from the expressed 
sequencing tag (EST) clone, 12D04 in pdONR222 by PCR 
with forward and reverse primers, 12D04F3 and 12D04R5 
(Table 1). The amplification product was cloned into the 
EcoRI site of pl. NTR4 (Invitrogen) (modified to remove the 
NcoI site in the poly-linker (Sandstrom et al., Functional 
expression of a bark beetle cytochrome P450 that hydroxy 
lates myrcene to ipsdienol. Insect Biochem Mol Biol 36, 
835-45 (2006)) (FIG. 8) by standard methods (Sambrook et 
al., Molecular Cloning, a Laboratory Manual. Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, Mass. (1989)) 
and transformed into DH5C. cells. Screening for a correct 
orientation construct was done by PCR amplification and 
sequencing. 

TABLE 1. 

Cloning Amplicon 
Primers Sequence Length (bp) 

12DO4F3 gcGAATTCtataaaaat cagttgacc 799 
(SEQ ID NO : 3) 

12DO4R5 gcCAATTCttalaggtotgagagcgc 
(SEQ ID NO : 4) 

Invitrogen has detailed protocols for the growth and main 
tenance of Sf9 cells, recombinant baculovirus construction, 
and heterologous expression using the Baculo DirectTM 
Expression Kit. Briefly, an LR recombination reaction trans 
ferred the 12D04 ORF from the pENTR4 construct into the 
BaculoirectTM Linear DNA and created the recombinant 
baculoviral 12D04 clone. This construct was transfected into 
Sf9 cells and grown in the presence ofganciclovir for negative 
selection against non-recombinant virus. High titer P3 viral 
stocks were created by successive 72 hour amplifications of 
the initial (P1) and P2 viral stocks. Plaque assays were per 
formed on the P2 and P3 virus stocks to establish the viral 

titters. A P3 viral stock multiplicity of infection (MOI. pfu/ 
cell) of 8 was used to infect Sf9 cells grown at a density of 
10x10 cells/ml in a disposable 250 ml shaker flask. 

Infected Sf9 cells were grown for 72 hours before the 
culture media, containing the recombinant 12D04 protein, 
was isolated. Briefly, cells were pelleted by centrifugation at 
3000 g at 4°C. for 10 minutes. The supernatant was collected 
and cells were discarded. 

Recombinant protein production was established by west 
ern blot using 1:1,000 Anti-12D04 primary antibody (Gen 
Script), 1:5,000 Goat Anti-Rabbit secondary antibody (Bio 
rad, Hercules, Calif.) and SuperSignal West Pico 
Chemiluminescent Substrate (Pierce, Rockford, Ill.). 
An affinity-purified polyclonal antibody (rabbit) for 12D4 

was produced for our work by GenScript Corporations. The 
peptide sequence (see below) was designed from the Ips pini 
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8 
12D04 amino acid sequence by Genscript with some modi 
fications we suggested. 

12DO4 peptide sequence (14 amino acids long) 

SRNEYKNEFPHDOC (SEO ID NO; 5) 

Enzyme activity is determined by a pyridine nucleotide 
(PN) binding assay that monitors production or consumption 
of NADH/NADPH by measuring the absorbance of the cata 
lysts reaction at 340 nm using a spectrophotometer. The reac 
tions include reaction buffer (0.1 M NaP pH 7.8 and 1.1 mM 
EDTA), enzyme, PN, and substrate (monoterpene) in a 1 ml 
total Volume and the absorbance was measured over time at 
room temperature. The volatiles produced from the reactions 
were extracted three times with pentane:ether (1:1) spiked 
with 200 ng/ml n-octanol (internal standard) and concen 
trated to approximately 100ul with nitrogen gas. The samples 
were directly analyzed by coupled GC-MS at the Nevada 
Proteomics Center at UNR. 
Enzyme activity was determined by a pyridine nucleotide 

(PN) binding assay that monitored production or consump 
tion of NADH/NADPH spectrophotometrically. The reaction 
mixture included reaction buffer (0.1 M NaP pH 7.8 and 1.1 
mM EDTA), enzyme, PN, and substrate (monoterpene) in a 1 
ml total volume. The absorbance was measured over time at 
room temperature. The reactions were extracted three times 
with pentane:ether (1:1) spiked with 200 ng/ml n-octanol 
(internal standard) to extract monoterpenoids and concen 
trated to approximately 100ul with nitrogen gas. The samples 
were directly analyzed by coupled GC-MS at the Nevada 
Proteomics Center at UNR. 

Biochemical reactions catalyzed by recombinant 
Ipi 12D04, as determined by functional assays, are Summa 
rized below, in general, the enzyme functions as an oxi 
doreductase, using NAD(P) or NAD(P)H as cofactors, 
depending on whether it is oxidizing or reducing a Substrate. 
Biochemical evidence (gas chromatographs, mass specta) 
supporting these activities is provided in FIGS. 9-21. In this 
data, recombinant Ipi 12D04 was provided by the media of 
cells infected with recombinant baculovirus. Negative con 
trols for all reactions included media from uninfected cells. 
All negative controls did not show metabolism of ipsdienol, 
ipsenol, or ipsdienone. 

FIG. 9 is a gas chromatogram of an ipsdienone standard 
while FIG. 10 is a corresponding mass spectrum. FIG. 11 is a 
gas chromatogram of ipsdienone produced using Ipi 12D04 
and NADP from racemic ipsdienol. FIG. 12 is a correspond 
ing mass spectrum of this product. These results demonstrate 
that expressed Ipi 12D04 enzymes converts racemic ipsdienol 
to ipsdienone. 
The action of Ipi 12DO4 enzyme on ipsdienone was also 

studied. FIG. 13 is a gas chromatogram of the reaction prod 
uct, while FIG. 14 is a mass spectrum of the product. The gas 
chromatogram and mass spectrum are identical to an ipsdi 
enol standard. In order to determine which stereoisomer was 
produced, the reaction product was separated on a chiral 
column, the gas chromatogram shown in FIG. 15. Compari 
son with gas chromatograms of racemic ipsdienol (FIG. 16) 
and pure (-)-ipsdienol standard (FIG. 17) confirmed that the 
reaction product was pure (-)-ipsdienol. 

FIGS. 18 and 19 are, respectively, a gas chromatogram and 
a mass spectrum of the reaction product formed hew the 
action of Ipi 12D04 enzyme on ipsenone in the presence of 
NADPH. These data were identical to an ipsenol standard. In 
order to determine which stereoisomer was produced, the 
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reaction product was separated on a chiral column, the gas 
chromatogram shown in FIG. 20. Comparison with the gas 
chromatogram of racemic ipsenol, FIG. 21, confirmed that 
the reaction product was pure (-)-ipsdienol. 

It is expected that Ipi 12D04 enzyme will convert any mix 
ture of ipsdienol enantiomers into (-)-ipsdienol if the enzyme 
is incubated with both NAD(P) and NAD(P)H. The oxidation 
step may be stereo-Selective for (+)-ipsdienol as a Substrate. 
Similarly, (+)-ipsenol should be readily converted to (-)- 
ipsenol in a similar manner. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 7 

<21 Os SEQ ID NO 1 
&211s LENGTH: 843 
&212s. TYPE: DNA 

<213> ORGANISM: Ips pini 

<4 OOs SEQUENCE: 1 

10 
It is to be understood that the above discussion provides a 

detailed description of various embodiments. The above 
descriptions will enable those of ordinary skill in the art to 
make and use the disclosed embodiments, and to make depar 
tures from the particular examples described above to provide 
embodiments of the methods and apparatuses constructed in 
accordance with the present disclosure. The embodiments are 
illustrative, and not intended to limit the scope of the present 
disclosure. The scope of the present disclosure is rather to be 
determined by the scope of the claims as issued and equiva 
lents thereto. 

gg.cgacgaac ttittcaatat ggacact caa caacct gg.cg actatacagt titta accqat 60 

citcgagttitt ataaaaatca gttgacctaa atgatggitta aaatccagga titcc.gttitat 12O 

Ctggtgactg gtggtggat.c aggtotgggt galagccaccg ccaagttatt attgaccgaa 18O 

ggtgct coag tdaccattitt cagtc.gaaac gaatacaaga atgaattitcc to atgat caa 24 O 

gtgttgtc.cg ttaagggaga tigtgcgttcg gaaagtgatg taaaagggc tittagaagct 3 OO 

acgatccaga agtttggaaa gttggacggt gt catgcatt gtgctggcgt ttittcaaaat 360 

attgttact a ct aacct cot agggacttitt aacgittaa.ca gactggctat tccg tattitt 42O 

ttgaccalat C aaccggacga agagggacaa aaagggataa to at caattig ct caagtact 48O 

tdagggcaca gcc.ctatgtc. tt.cggcggta gCttacagta Ccagcaaagc tigct attata 54 O 

ggitttgagtt atgctittagc caaacaactt agtactic tag g tatt cqggit aatggatatt 6 OO 

gct coagc.cc tttgttgatac go caatgttt cqtcgtgcag toggttittaa totagga cata 660 

gcaaattitcc gtaatttgtt cocagcgaga citgattcaac ccatcgaata cqcgaacgca 72O 

gtcaaacata toatagaaac acccatgttgaatggttcgt cctatoaatt agatggcgct 78O 

ct cagacctt aaaaattitta taattaataa aaaatatgtg gatgttaaaa aaaaaaaaaa 84 O 

a.a.a. 843 

<21 Os SEQ ID NO 2 
&211s LENGTH: 253 
212s. TYPE: PRT 

<213> ORGANISM: Ips pini 

<4 OOs SEQUENCE: 2 

Met Met Val Lys Ile Glin Asp Ser Val Tyr Lieu Val Thr 
1. 5 1O 

Ser Gly Lieu. Gly Glu Ala Thr Ala Lys Lieu. Lieu. Lieu. Thr 
2O 25 

Arg Val Thir Ile Phe Ser Arg Asn. Glu Tyr Lys Asn. Glu 
35 4 O 45 

Asp Glin Val Lieu. Ser Val Lys Gly Asp Val Arg Ser Glu 
SO 55 60 

Lys Arg Ala Lieu. Glu Ala Thir Ile Glin Llys Phe Gly Lys 
65 70 7s 

Val Met His Cys Ala Gly Val Phe Glin Asn Gly Asp Glu 
85 90 

Gly Gly Gly 
15 

Glu Gly Ala 
3 O 

Phe Pro His 

Ser Asp Wall 

Lieu. Asp Gly 

Lieu. Phe Asn 
95 
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- Continued 

Met Asp Thr Glin Gln Pro Gly Asp Tyr Thr Val Lieu. Thr Asp Ile Val 
1OO 105 11 O 

Thir Thr Asn Lieu. Lieu. Gly Thr Phe Asin Val Asn Arg Lieu Ala Ile Pro 
115 12 O 125 

Tyr Phe Lieu. Thir Asn Gln Pro Asp Glu Glu Gly Gln Lys Gly Ile Ile 
13 O 135 14 O 

Ile Asn Cys Ser Ser Thr Ser Gly His Ser Pro Met Ser Ser Ala Val 
145 150 155 160 

Ala Tyr Ser Thir Ser Lys Ala Ala Ile Ile Gly Lieu. Ser Tyr Ala Lieu 
1.65 17O 17s 

Ala Lys Glin Lieu. Ser Thr Lieu. Gly Ile Arg Val Met Asp Ile Ala Pro 
18O 185 19 O 

Ala Lieu. Cys Asp Thr Pro Met Phe Arg Arg Ala Val Gly Phe Asin Glin 
195 2OO 2O5 

Asp Ile Ala Asn. Phe Arg Asn Lieu. Phe Pro Ala Arg Lieu. Ile Glin Pro 
21 O 215 22O 

Ile Glu Tyr Ala Asn Ala Val Llys His Ile Ile Glu Thr Pro Met Leu 
225 23 O 235 24 O 

Asn Gly Ser Ser Tyr Glin Lieu. Asp Gly Ala Lieu. Arg Pro 
245 250 

<210s, SEQ ID NO 3 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide primer. 

<4 OOs, SEQUENCE: 3 

gcqaatticta taaaaatcag ttgacc 

<210s, SEQ ID NO 4 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide primer. 

<4 OOs, SEQUENCE: 4 

gcga attctt aaggtotgag agcgc 

<210s, SEQ ID NO 5 
&211s LENGTH: 14 

212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic peptide. 

<4 OOs, SEQUENCE: 5 

Ser Arg Asn. Glu Tyr Lys Asn. Glu Phe Pro His Asp Gln Cys 
1. 5 1O 

<210s, SEQ ID NO 6 
&211s LENGTH: 393 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Multiple cloning site for pENTR 4 vector. 
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- Continued 

<4 OOs, SEQUENCE: 6 

gggc cc caaa taatgattitt attittgactgatagt gacct gttcgttgca 

aagcaatgct tttittataat gccaactittg tacaaaaaag caggctic cac 

aatt cagtic actggat.ccg gtaccgaatt cqcggcc.gca ttaggcaccC 

actittatgct tcc.ggctcgt aaggt cacg aatticgcggc cqc actic gag 

c cagctttct totacaaagt toggcattata agaaagcatt gctitat caat 

gaac aggt ca citat cagt ca aaataaaatc attatttgcc atccagotgc 

cgtgtc.tcaa aatctotgat gttacattgc aca 

<210s, SEQ ID NO 7 
&211s LENGTH: 378 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

acaaattgat 6 O 

Catgggalacc 12 O 

caggctttac 18O 

at atctagac 24 O 

ttgttgcaac 3OO 

agctctggcc 360 

393 

<223> OTHER INFORMATION: Multiple cloning site for pENTR 4 vector. 

<4 OO > SEQUENCE: 7 

cc.cggggttt attactaaaa taaaactgac tat cactgga caa.gcaacgt. 

titcgttacga aaaaat atta cqgttgaaac atgtttitttc gtc.cgagttg 

ttalagt cagc tigacct aggc catggcttaa gogc.cggcgt aatcc.gtggg 

tgaaatacga aggc.cgagca ttc.ca.gctgc tita agcgc.cg gcgtgagctic 

ggtcgaaaga acatgttt ca accotaat at t ctitt cqtaa cqaatagitta 

Cttgtc.cagt gatagt cagt titt attittag taattittagt aat cagctica 

gact acaatig taacgtgt 

We claim: 
1. A method of catalyzing the oxidation of ipsenol or ips 

dienol comprising contacting a sample comprising ipsenol or 
ipsdienol with an isolated, synthetic or transgenically 40 
expressed polypeptide having oxidation activity encoded by a 
polynucleotide sequence at least 95% homologous to the 
sequence of SEQID NO:1. 

2. A method of catalyzing the reduction of ipsenone or 
ipsodienone comprising contacting a sample comprising ipse- 45 
none or ipsdienone with an isolated synthetic or transgeni 
cally expressed polypeptide having reduction activity 
encoded by a polynucleotide sequence at least 95% homolo 
gous to the sequence of SEQID NO:1. 

3. A process for resolving an enantiomeric mixture of 50 
ipsenol or ipsdienone comprising: 

providing an enzymatically active isolated, synthetic or 
transgenically expressed polypeptide having oxidation 
reduction or oxidoreductase activity encoded by a poly 
nucleotide sequence at least 95% homologous to the 
sequence of SEQID NO:1; 

providing a mixture comprising at least one of ipsenol or 
ipsodienol; 

contacting the mixture with the polypeptide under condi 
tions wherein the polypeptide can oxidize the alcohol: 

contacting the mixture with the polypeptide under condi 
tions wherein the polypeptide can reduce the previously 
oxidized alcohol; and 

55 

60 

tgtttaacta 6 O 

gtaccCttgg 12 O 

gtc.cgaaatg 18O 

tatagatctg 24 O 

aacaacgttg 3OO 

gagttitt aga 360 

378 

recovering a mixture of alcohols enriched in one enanti 
omer or a mixture of alcohols enriched in the opposite 
enantiomer. 

4. The method of claim 1, wherein the polynucleotide 
sequence is at least about 99% homologous to the sequence of 
SEQID NO:1. 

5. The method of claim 1, wherein the polynucleotide 
sequence is the sequence of SEQID NO:1. 

6. The method of claim 1, wherein the polypeptide is 
encoded by a fragment of a polynucleotide sequence at least 
95% homologous to the sequence of SEQID NO:1. 

7. The method of claim 2, wherein the polynucleotide 
sequence is at least about 99% homologous to the sequence of 
SEQID NO:1. 

8. The method of claim 2, wherein the polynucleotide 
sequence is the sequence of SEQID NO:1. 

9. The method of claim 2, wherein the polypeptide is 
encoded by a fragment of a polynucleotide sequence at least 
95% homologous to the sequence of SEQID NO:1. 

10. The method of claim 3, wherein the polynucleotide 
sequence is at least about 99% homologous to the sequence of 
SEQID NO:1. 

11. The method of claim 3, wherein the polynucleotide 
sequence is the sequence of SEQID NO:1. 

12. The method of claim 3, wherein the polypeptide is 
encoded by a fragment of a polynucleotide sequence at least 
95% homologous to the sequence of SEQID NO:1. 

k k k k k 


